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THEME

Although the safety standards in aviation are already very high, the risk of accidents which involve fires cannot be
completely excluded. It is therefore necessary to strive continuously for the enhancement of fire safety in aviation. One of the
main aspects in this problem area s to review fire-related accidents and to learn from them in order to improve safety
regulations and to update relevant research programmes. Additional information is taken from studies of aircraft internal
and external fires, both full-scale experimental and by numerical modelling of cabis fires where the latter is receiving growing
attention. The practical conversion of such knowledge into fire-hardened designs of aircraft, both military and civil, is
another aspect of the problem area, where advanced materials and improved structural designs represent the matn lines to be
pursued towards improved fire safety. Finally, growing interest is placed into the increase of survival times of passengers by
means of improved passenger protective methods, concerning not only civil but also military transport aircraft.

Quoique les normes de sécurité applicables dans le domaine de I'aviation soient déja trés rigoureuses, les risques
d'accidents survenant 2 la suite d'incendies ne peuvent pas étre totalement exlus. Un efforc permanent doit donc étre
consacré al'amélioration des mesures de sécurité dans ce domaine. L'une des principales taches qui simposent en ce qui
concerne !a recherche d'une solution a ce probleme consiste a examiner différents cas ¢'accidents dus a des incendies pour
en tirer des legons, ce qui permettrait d'apporter des améliorations aux réglements de sécurité et de mettre & jour les
différents programmes de recherche. Un supplément d'informations est extrait d'études d'incendies d’avions internes et
externes, a la fois & parur d’expénmentations en grandeur réelle et a partir de simulation numérique de feux de cabine, cette
derniére faisant 'objet d'une attention grandissante. La traduction pratique de telles connaissa.ces en des conceptions
d'avions durcis contre le feu, tant civils que militaires, est un autre aspect de ce méme prebleme, ot les matériaux de pointe et
les conceptions structurelles améliorées représentent les grands axes de développement vers une meilleure sécurité contre
I'incendte. En conclusion, de plus en plus d'intérét est manifesté dans la prolongation de ia durée de survie des passagers au
moyen de méthodes de protection améliorées, portant non seulement sur les avions civils mais ausi sur les aéronefs militaires
de transnort.
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TECHNICAL EVALUATION REPORT
by

TMadgwick
Head of Fire Precautions Engincering (Rud)
British Ae.ospace PLC
Civil Aircraft Division
P.0.Box 77
Filton
Bristol BS99 7AR
United Kingdom

and

C.Sarkos
Manager, Fire Safety Branch
FAA Technical Center
Atlantic City International Airport, N.J. 08405
United States

1. INTRODUCTION

The 73rd meeting of the Propulsion and Energetics Pancl on Aircraft Fire Safety was held in Sintra, Portugal from 22nd to
26th May 1989.

Although the safety standards in aviation are already very high, the risk of accidents occurring which iavolve fire can not
be excluded. It is therefore necessary to strive continuously for the enhancement of fire safety 1n aviation. One of the main
aspects of this problem is to review fire related accidents and to learn from them in order to improve safety regulations and to
update relevant research. Additional information is taken from studies of aircraft fires, including full-scale expenments and
numerical modelling. The practical conversion of such knowledge into improved aircraft design is another aspect of the
problem area Advanced materials evolving from more stringent fire test requirements, fire management and evacuation ards
represent the main lines to be pursued towards improved fire safety. Although the regulatory authonties have concentrated
mainly on fire hardening of the aircraft interior, recent studies have also explored improved fire management and passenger
protection.

The meeting consisted of cight sessions with a total of 38 papers. Authors represented six different countries and came
from various governmental, industrial, military, academic and consumer organizations.

Although many of the studies reported were concerned with civilian fires the results can also be adapted o improving the
crash survivability of military transports.

2. DISCUSSION
Session I, Review of Fire-related Aircraft Accidents

The accounts given of real aircaft fire accidents were stimulating and thought provoking because they illustrated the
nature of the problem.

RHill (Paper No.1) described a number of fire-related accidents, in which he had personally participated in their
investigation, and stressed the importance of the lessons learned and the action taken to improve future designs. He
recommended that more attention be given to fire incidents and that a broad consideration of past accidents should be used to
create scenarios of possible future events against which to evaluate fire safety improvements.

A .Taylor (Paper No.2) presented a statistical ar-lysis of accidents that have occurred since his earlier study presented at
the AGARD meeting in Rome in 1975. He concluded that recent trends were simular to his carlier study. He also emphasized,
as did Mr Hill, that a broad assessment of fire safety needs should be based on a comprechensive review of past accidents
without undue emphasis on the most recent event.

W.T.Tucker (Paper No.4) began by stressing that ofter *he greatest benefit from an accident investigation may not be the
identification and correction of the actual cause of the accident but the identification and ultimate reduction, ehmnation of
safety deficiencies that impact occupant survival. The bulk of his paper discussed the fire accidents at Cincinnati (6, 83) and
Calgary (3/84). The open discussion that followed his presentation centred on the strong similarity between the Calgary and
Manchester (8./85) accidents in terms of initial external fire conditions and the significant difference between the two accidents
in terms of occupant survival.
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Session 1, Fire Safety Standards and Rescarch Programmes

Papers 5, 6, 7, and 8 were presented by representatives from the civil aviation authoritics of the United States,
Netherlands, United Kingdom and Federal Republic of Germany.

C.Sarkcs (Paper No.5) descnbed the technical development and requirements for a wide range of new fire safety
standards ad spted by the regulatory authorities over the past 5 years. The new standards include, seat cushion fire-blocking
layers, low heat/siroke release interior panels, floor-proximity lighting, lavatory smoke detectors and automatic waste bin
extinguishers, additional and more effective hand-held extinguishers, burn-through resistant cargo hners, heat resistant
evacuation slides and crew member protective breathing equipment. The emphasis that was placed on the fire hardening of
materials was based on the observed poor fire performance of some materials in past accidents and as demonstrated by full-
scale fire tests.

W Korenromp (Paper No.6) made a philosophical argument that although commerical air transport s already fairly safe it
is desirable to make further safety improvements. He concluded that many possibilities still exist for enhancing survivabshty
during aircraft fires.

TJ.Gilpin (Paper No.7) reviewed the impressive and extensive research activitics and accomphshments that have been
supported by the Civil Aviation Authority. The most notable progress is n the arcas of passenger smoke hoods where the CAA
has developed a specification which defines nunimal performance requirements, the behavioural aspects of passengers
evacuating an aircaft with an element of competition, and the poiential effectiveness of a cabin water mist system.

Paper No.8 (M.Wittmann) described past and planned German activities in cabin fire safety, including the first German
full-scale, in-flight fire test and a planned second test, also discussed in Paper No.12,

Papers § and 10 describe the efforts of airline operators in implementing new mandatory fire safety standards and thesr
own initiatives and concerns with regard to aircraft fire safety. Wittenberg (Paper No.9) focused on the historic development of
mandated standards for interior materials. Wargenau (Paper No.10) discussed a very broad range of fire safety 1ssues and how
these are being addressed by Lufthansa Airline.

Session 111, Aircraft Internal Fires (I)

Papers 11, 12, and 13, describe recent full-scale aircaft fire tests conducted n the United States, Germany and the United
Kingdom.

Sarkos (Paper No.1 1) detailed a recent post-crasl fire test in which the environment following flashover was momtored. It
was concluded that survival near the fire origin in the upper portions of the cabin was dictated by high temperature and low
oxygen level; in contrast, at locations further away from the fire origin and closer to the floor toxic gases are more dominant.
Evaluation of a smoke hood filter identified performance problems caused by flashover.

Fiala (Paper N .12) presented the results of a full-scale fire test that simulated severe in-flight fire penetrating mto the
cabin from below the floor. The author indicated the main danger was from the flashover which occurred at approximately two
minutes.

R.D.Halliday (Paper No.13) Chief Fire Scrvice Officer of the United Kigdom Civil Aviation Authonty, began by
discussing post-crash fire fighting and the inability of the fire services to effectively attack a fire that 1s within the fuselage. He
described the results of full-scale fire tests with an on-board water mist system and discussed a number of functional
considerations. However, although the test results appear promising it is extremely important not to lose sight of the potential
airline operational and safety problems associated with an on-board system. Itis understood that disbenefit studies, supported
by regulatory authorities, will be conducted by airframe manufacturers.

E.A.Ural (Paper No.14) illustrated the flammable conditions that exist in military aircraft fuel tanks and the various
factors influencing ignition. The fact that it was shown that military standard 1757A was not always a conservative evaluation
of the ullage ignition hazard was a conclusion of special note.

R.Fricdman (Paper No.15) reviewed the knowledge, techniques, and future trends in spacecraft fires safety. He presented
data illustrating the profound influence of negligible gravity upon the characteristics of spacecraft fires.

Session 11, Aircraft Internal Fires (1I)
Papers 16, 17, 18, and 19 were related to the mathematical modelling of aircraft cabin fires.

G.Cox (Paper No.16) outlined recent developments in the application of enclosure fire modelling to building fires and
analyzed the problem associated with the transfer of this technology to the aircraft fire problem. Because present computer
codes do notaddress the critical issues of fire growth and production of combustion products, the need for development of sub
mexiels to treat combustion chemistry, thermal radiation and solid phase heat transfer was discussed. He conceded that a
pragmatic approach, incorporating small-scale fire test data on aircraft furnishings, would be necessary.
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ER.Galea (Paper No.17) employed a three-dimensional mathematical field model to compute the temperature
distribution inside an aircraft cabin created by a constant heat source inside the cabin.

J.E.S.Venart (Paper No.18) employed a two-dimensional mathematical ficld model to compute the internal transtent
thermal response to an external pool fire adjacent to a fuselage opening.

Dr Galant (Paper No.19) described an expert system which allows rapid risk analysis within complex industrial
enviroments.

Session 1V, Aircraft External Fires

R.G.Clodfelter (Paper No 20) gave an account of test investigations into the variables of hot surface igmtion on pipes in
the particular environment of an engine bay. The data presented was a useful addition to existing knowledge and an aid to
power plant designers.

JR Tilston (Paper No.21) described the mechanisms of ignition, flame stabilization and propagation of fuel spill fires in
the context of a decelerating airplane in the crash process. He then applied these mechanisms to analyze and explain the fire
dynamics exhibited by the controlled impact demonstration (CID).

Session V, Fire Safety of Military Weapons Systems

JWordehoff (Paper No.23) reviewed the fire threat of mulitary aircraft arising from hostile action and described the
evolution of protective methods for fuel tanks and compartments adjacent to fuel tanks. The future need for a large number of
detection points and continuing need to reduce weight led the speaker to outhire more recent technology incoporating fibre
optics with centralized detector chips and linear fire extinguisher tubes.

P Weinberg (Paper No 24) outlined the design concepts employed to prevent, detect and extinguish fire and explosions in
US Na.y aircraft, and presented several examples of actual designs and equipment.

T.ABailey (Paper No.25) presented an overview of aircraft fire safety in the Canadian forces and indicated that new
safety measures adopted for civil transports were now being implemented on mulitary transports.

Session VI, Fire Hardening by Advanced Materials and Structural Design (1)

The five papers in this session presented by J Peterson (No.27), G.J. Treloar (No.28), C.Smith (No.29), H.Berg (No.30)
and M.J.Frustie (No.31) mainly dealt with the histroical evolution of fire test requirements and their impact upon cabin
material usage. Requirements specified by the regulatory authoritics and industry sclf-imposed test requirements that go
beyond the minimum regulatory requirements were both discussed. The speakers stated that the mair emphasis of activities
was essentially to redesign the cabin interior for comgiance with the new low heat/'smoke fire test requirements. This 1s
necessitating major and expensive programmes to develop and evaluate new materials and manufacturing provesses. Common
problem areas identified by the speakers included decoratives, adhesives, textiles and thermoplastics.

Session VI, Fire Hardening Advanced Materials a~d Structural Design (1I)

Y.Tsuchiya (Paper 32) compared two methods of measuring heat release in the Ohio State Universtty heat release
apparatus, oxygen analyzer and thermopile. He recommended oxygen analysis as the better measurement approach. FAA
indicated that a good correlation existed between the two methods of measurement, and they had therefore adopted the
simpler thermopile device.

Poper No.33 (A.Tewarson and R.Zalosh) presented by E.Ural, discussed test data on ignitability, fire propagation, heat
release rate, and smoke and toxic combustion products measured at Factory Mutual Research Corporation for cabin panel
materials and compared the data with other laboratory test method results. The study was supported by FAA who concluded
that the O.S.U. apparatus ranked the performance of panel materials in the same order as other available heat release devices.

M.Favand (Paper No.34) described a laboratory test for measurnng the toxic decomposition products of burning aircraft
materials and the resultant effects on the behaviour of mice (reduced activity and incapacitation).

Session VII, Passenger behaviour In Emergency Situations

C. Morrison and H.Muir (Paper No.35) presented the results of emergency evacuation trials to determine the effect of
competitive passenger behaviour, in responsc toalife threatening fire threat, on the orderly and rapid evacuation of passengers.
Competitive behaviour was induced by small monetary rewards. The results revealed exit blochage by competing passengers
and prolonged evacuation times.

JH.B.Vant (Paper No.36) described nine simulated emergency evacuations in clear air or theatrical smoke with and
without ventilated smoke hoods. The readily accessible smoke hoods were fastened on the rear of passenger seats. It was
determined that the donning of hoods and the presence of smoke both independently increased the evacuation time. It was also
concluded that the donning of smoke hoods by passengers in an aircraft fire emergency should not significantly impede
passenger evacuation.
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E.A.Limley (Paper No.37) descnbed the traming of flight and cabin crews to deal with in-flight fire sitvations as weli as
preventive measures and fire-fighting equipment and procedures employed by Lufthansa Airlines.

Session VIII, Passenger Protective Equipment

E A Higgins (Paper No.38) provided a historical review of the research program conducted by the FAA Civit
Acromedical Institute (CAMI) concernming protective breathing equipment (PBE) fur use by crew members and passengers. Of
current mterest 15 the FAA final rule and the approval guidelines for crew member PBE. Alsc, the cooperative studies
conducted by the airworthiness authonties of the United Kingdom, France, Canada and the United States in reviewing the
feasibihity of passenger PBE was discussed. It 1> anticipated that CAMI will continue to support the establishmenit of a standard
for passenger PBE being undertaken by the SAE A-10 committee.

LR.Hill (Paper No.39) gave an account of the investigation of particulate matter in the lungs of smoke-inhalation victims.
He concluded that lung damage was pnimanily caused by the inhalation of combustion products as was unlikely to be due to the
ettects of heat. He stated that particulate loading in the lungs early in the fire scenario may be of considerable sigmificance to
survival.

J$.8.Stewart (Paper No.40) presented evidence that victums m the Manchester accident may have been incapacitated by
anoxia caused by exposure to thick black smohe from burming aviation herosene. Much of the information was developed from
a questionnaire completed by nineteen survivors of the acadent. He argued that the strategy of fire hardening of the cabin
interior may be meffective 1n real arcraft accidents mvolving fire. He concluded that passenger smoke hood should be
introduced as a urgent priority

D.A Purser (Paper No.41) presented a mathematical inodel for estimating the toatc and physical hazard in fire in terms of
time to incapacitation or death. He presented data o denive the vanious terms in the model which computes the effect of
narcotic gases, irritant gases, carbon dioxide. oxygen depletion, radiant heat and convective heat.

3. SUMMARY AND CONCLUSIONS

The review of fire related accidents demonstrated that more emphasis 1s being placed on understanding the fire
development and survivability aspects of the acaident. The lessons to be learned should be based on a thorough analysis of all
accidents, including wcrdents as well, and should not be dictated by the most recent event. It may be useful to place accidents
mnto groups with simlar fire threats in order to develop fire scenanios of possible future acaidents for inclusion n research
programmes.

Extenstve tire rescarch programmes have demonstrated the safety benefits of a range of new standards for civil transport
awcraft that have now been mandated by the regulatory authonties. The emphasis has been on fire hardening of the aircraft
wtertor because of the need for improved matenals performance and more meamngful fire test requirements. Further fire
safety improvements n the future are likely to be denved from research programmes that address fire management
approaches, ¢ g detection, extinguishment/suppression, containment, smoke venting, ctc.

It1s generally recogmzed that full-scale fire tests are absolutely necessary to support any credible acuvity to improve
arrcraft fire safety. Consequently, they are being more widely included in the research programmes of the various nations
Because of the complexity and cost of such tests, coordination between the nations 1s cssential to achieve the maximum benefit.

Noting the concern that was expressed at the conference that the airport fice services are not equipped to deal effectively
with u2.2rnal mrcraft fires, research into new approaches, such as a water must system, are needed and are berag pursued

With regard to math.matical modelling, i spite of the impressive numerical capabilities of the newer field models, it
should be recognized that they can not addiess many of the important elemetts of an awrcraft fire. However, if one recognizes
the strengths and weaknesses of the models they may be uscful to support the design of full-scale teot and to examine special
problem areas. This could best be accomplished by consultations between the modellers, cxpenmentalists and aircraft
designers.

It was disapponting to note that only two papers were presented under the heading of Aircraft External Fires. A more
complete account of this subject would have included safety fuels, e.g. antimisting kerosene, and fuel system crashworthiness.

Sumalarly, the sesston on military arrcraft fire safety did not offer a comprehensive review of the subject, simply because of
the relatively small number of papers, perhaps due to sccunty concerns. Presentarons on the development of inert gas
generators for fuel tank ullage spaces and on the latest gunfire tnals, especially to revahidate the applicability of design practices
developed 1n the past aganst today’s new materials apphications and weapon threats, would have been useful.

A primary activity of the aircraft manufacturers is the development and evaluation of improved cabin materials for
comphance with the relatively new low heat, smoke release standards. This rule s seen as a technology driver and is advancing
the state-of-the-art for thermoplastics and composties. It now seems logical for this technology to be extendzd to the
components of aircraft scating; e.g. trays, structure, arm rests, etc.
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Although there was discussion of several test procedures for measuring the heat release and combustion products
produced by burming aircraft matenals, it appears that there 1s no good justification for modifying the currently mandated test
requirements for low heat/smoke release.

Recent evacuation tnials and studies have demonstrated the disruptive role of compentive passenger behaviour on orderly
and rapid emergency evacuation. The results are seen as baseline data by the investigators and further tests, beginning with
theatrical smoke, are being planned. The importance of human factors in aircraft accidents have received increased attention m
recent years and its extension to passenger behaviour is seen as a significant development.

There were strong recommendations by some speakers for the immediate mandatory adoption of passenger smoke
hoods. It appears that the main concern with this recommendation is based primarily, but not solely, on a belief that during
some types of accidents passenger smoke hoods may be of greater harm than benefit. Testing results presented at this
conference on the cffect of passenger smoke hood donning time on cabin evacuation time under one set of theatrical smoke
conditions does not seem to have quelled this concern.

The final three papers dealt with the toxicological and physiological affects of combustion products, including smoke
particulates, on passenger survival. Purser's model appears to be a useful tool for transforming various hazard measurements
made dunng full-scale fire test into a hypothetical survival time. The concern with the survivability of passengers exposed to
massive concentrations of smoke particulates, as advanced by 1. Hill and J.Stewart, was convincing to the point where some
form of animal experimentation appears warranted.

4. RECOMMENDATIONS
Technical

(1) Evaluation of the effectiveness and practicality of an on-board water mist fire protection system.

(2) More realistic evaluation of passenger smoke hoods under aircraft fire conditions or circumstances in which their use or
availability may be of potentially greater harm than benefit.

(3) Studies of the effects of passenger competitive behaviour on the orderly and rapid evacuation of passengers duning
simultated aircaft fire conditions.

(4) Studies to upgrade the fire performance of seats components and structure (excluding cushions) to a level equivalent to
the low heat/smoke release standard for interior panels.

(5) Exploratory studies, preferably using animals, to examine the role of smoke particulate on occupant survival during an
aircraft fire.

Administrative

(1) A time frame of three to five years for the next AGARD conference on aircaft fire safety. This conference should include
more representation on subjects such as, safety fuels (anti-musting kerosene) and crashworthiness of fuel systems.

(2) A separate conference on aircraft fire safety exclusive to the mulitary authorities for the free discussion of secunty
sensitive issues.

(3) Because of the mternational nature of commenical aviation, continued cooperation and coordination by the regulatory
authorities on matters pertaining to aircraft fire safety.
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ADDENDUM

After the meeting AGARD received a letter from one of the meeting participants in which the writer summarnses some

personal thoughts on the problems of “Aircraft Fire Safety” that were discussed during the meeting Because the Programme
Conmuttee Chairman feels that these statements are of general interest to all concerned with awrcraft fire safety, they are published
as an addendum to the technical evaluation of the meeting.

PERSONAL REMARKS ON PROBLEMS OF AIRCRAFT FIRE SAFETY.
DISCUSSED DURING THE 73rd AGARD-PEP-MEETING

by

G.Miller
Senior Fire Adviser for Director Safety Services Organisation (PE)
Procurement Executive, Ministry of Defence, London, UK

Having been trained as an Aerodrome Fireman, this Symposium was of particular interest to me and I found 1t most
stimulating. Sadly however, 1t must be pomted out that (apart from certain technical details) the mamn pomts mentioned,
e.g. reducing smoke and toxic fume producers i the cabin, internal water sprays, smoke hoods, escape lighting, access to
exits etc, have been under discussion in acrodrome fire service circles for the Jast 290 years!

May I suggest that if any improvements are to be made 1n arrcraft passenger safety, some of the items that have been
discussed for so long must be introduced. Some will cost money and, or reduce payload, but others could be introduced at
Inttle or no cost. Which should be chosen 1s a matter for cost-benefit analysis, but the following should be considered.
Little or no cost

(@) Reviseand extend the ‘passenger safety bricfing’ given by cabin staff.

() Fitautomatic audible, visual mdicators to overwing exits and manuatly operated audible, visual indzcators to doors
(¢) Improve low level exit lighting.

(d) Improve the fixing of overhead luggage racks.

Somewhat greater cost.
(@) Improved access to overwing exits and doors.
(b) Modify overwing exits so that they can be opened from outside.

(¢) Frtclosed arcuit television to enable flight and cabin crew to see what conditions are like outside the arrcraft.

Costly improvements
(@) Install:nternal ‘sprinklers’ fed from onboard supplies, with external connections for fire brigade backup.
(b) Introduce smoke hoods.

(c) Improve insulation.

Few of these items would be necessary, if smoke and toxic fume producing matenals could be removed from aircraft
cabins, but things have gone too far now and all that can be hoped for 15 a reduction in their emussions.

The reasoning behind these suggestions is given briefly below:

(3) Para 3(a). The cabin crew need to tell passengers that they should NOT open doors/hatches before they have
checked that there is NO fite outside them. They should be told to close/replace them (if possible) if fire appears
about to enter. The weight of overwing exits should be made known, together with the fact that they are ‘plugs’ and so
must be brought inboard. They should NOT be dropped mside, but be thrown out. The method of getting through
such exits should be DEMONSTRATED to avoid the blockages shown on the Cranfield video (Symposium session
35). Passengers should be told to follow shouted instructions by cabin staff as to which door.'s to use. Reasons for not
inflating life jackets and taking off shoes etc should be given.

(b) Para 3(b). Locating exits in smoke 1s almost impossible. Audible indication — and, perhaps lugh intensity strobe
lights — would help. These could be automatically actuated at overwing exits and manually operated by cabin staff at
doors.

(¢) Para3(c). Agamn, because of smoke, low level ighting indicaung the route to exits should be provided. Because of the
clutter which is likely to be on the floor, not to mention passengers, this should be at arm rest level.

(d) Para 3(d). To have luggage racks collapsing during an evacuation can only exacerbate an already fraught situation
They MUST be adequately secured. Thought also needs to be given to the action to be taken when passengers insist
on bringing more than one piece of hand luggage on board, or where the item 1s too large to goin the luggage rack or
under a seat.

Xv

A £ S g s s



e et s~ oo ot

©

®

©®

().

o

0

e Tcan A

Para 4(a). Itis appreciated that too large an area around exits can be counter-productive, but there should be reom at
overwing exits to allow them to be opened without fouling seats and for passengers to manocuvre to get out correctly,
i.e, NOT head first! Doors need space adjacent to them for cabin staff to assist the evacuation.

Para 4(b). It is imperative that fire crews get in with cooling sprays as soon as possible but without interrupting the
flow of exiting passengers, Their chances might be improved if they could open all overwing exits from outside, since
these are not always used by passengers.

Para 4(c). Like smoking cigareites, opening doors/hatches when there is fire sutside ‘coud seriously damage your
health’! Ttis difficult for cabin crew to see what is going on outside since their view could be masked by smoke or even
flame. Closed circuit television would give them amuch better chance of evacuating passengersin the right, or at least
best, direction.

Para 5(a). Internal ‘sprinklers’ have been shown to be effective in tests. They have two main functions, cocling the
interior to reduce smoke and fume production and scrubbing, to remove water soluble gases. No mention was made
of any tests to establish the optimum droplet size. Very fine spray is best for cooling and, no doubt, scrubbing,
although I have no information on this point. It is also economical in the use of water. However, such spray can give
rise to ‘steam’ burns, which could create even greater paric. As usual, a compromise must be sought, but this facet
must be considered.

Para 5(b). The arguments for and against smoke hoods have been rumbling on since 1969, when the Cwil Aviation
Authority Aerodrome Fire Service Training Scheol received a smoke hood from, I think, the Federal Aviation
Agency. Centainly, there are problems, such as whether they should be purely a filter mask, a closed circuit oxygen
enriching type or fully open circuit and the degree of heat or fire resistance required of the envelope. Stowage 1s
another difficulty, as may be the time taken to don them — although this I doubt. Shelf or service life is anotiier
consideration. However, until the amount of smoke or fumes likely to be produced in the cabin can be drastically
reduced, say by paras 5(a), 5(c), or 6, then some respiratory protection must be afforded.

Para 5(c). The basic problem is smoke and fume protection in the cabin, caused by the heating of cabin matenals,
most usually (but not exclusively) by external fire. If the heat transfer to these materials could be delayed, say by only
three minutes, this would give passengers a much better chance of survival. It is common practice to stipulate 2
degree of fire resistance for elemenis of building structure and in certain cases this can only be achieved by
insulation, e.g.. structural steclwork, some of which is sprayed with an insulant or an intumescent. Whilst the internal
structures of aircraft could not be so treated, because of the need for rigorous inspection procedures, there may be
room for improving current insulation techniques anc intumescent paint applied externally might offer some
reduction in the rate of heat transfer. However, if heat transfer to the inside of the aircraft is much reduced, 1t is
interesting to speculate upon the effect that this might have upon the time of penetration by fire of the aircraft skin,
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INVESTIGATION AND CHARACTERISTICS OF MAJOR
FIRE-KELATED ACCIDENTS IN CIVIL AIR TRANSPORTS
OVER THE PAST TEN YEARS

Richard G. Hill
Fire Safety Branch
Federal Aviation Administration Technical Center
Atiantic City International Airport, NJ 08405

SUMHARY

This paper will suumarize a number of fire-related accidents and incidents that have occurred
during the nresent decade. The selection of accidents/incidents was based on information
svailapility and perceived irvortance of those chosen. A brief summery of accident data for the past
ten years is presented. A methodology is shown for logically calculating the effects of cabin fire
safety improvements on survivability utilizing past accidents. Eight accidents and four incidents
are discussed ané their lirk to safety improvements is described. The paper concludes with a call
{or better informaticn from accident investigations.

INTRODUCTION

in 1957, the Federal Aviation Administration (FAA) developed a computer model for calculating
the benefits of lire safety improvements. This calculation is based ¢n a detailed analysis of past
accidents {1). 1ine model is based on the manipulation of two curves, one being the mobility and the
other being the fire hazard.

T'e mobility rate profile describes the loss in passenger mobility due to physical effects.
They could include the number of usable exits, poor visibility due to smoke ¢r inadequate lighting,
or blockage of the aisles by passengers or debris.

The thermal hazard profile is based on the buildup of hazard that could cause incapacitation,
such as heat, toxic gases, oxygen depletion, and smoke or direct exposure to flames.

It is recognized that the output from the model is based on the subjective input of the
operator. The model itself makes no assumptions regarding an accident, it only supplies a logical
framework for analyzing the input of the operator. This methodology was employed by the Civil
Aviation Authority (CAA) of the United Kingdom (2) for analyzing the safety benefit of smoke hoods.

Table 1 lists the major transport accidents (in-flight and survivable postcrash) having reported
fire fatalities during the last ten years (1,2,3).

TABLE 1

Civil Transport Aircraft Accidents (1979-1988) With Fire-Related
Deaths or Destruction of the Aircraft by Fire

Place of Type of Number of Number of
Date Carrier Accident Aircraft Passengers Fatalities
1 3/13/79 Alia Doha B-727 64 44
2 4/26/79 Indian Airlines Madras B-737 67 0
3 10/7/79 Swissair Athens DC-8 154 14
4 2/27/80  China Airlines Manila B-707 135 2
5 8/19/80 Saudia Riyadh L-1011 301 301
6 11/4/80  TAAG Benguela B-737 134 0
7 11/19/80 Korean Seoul B-747 226 15
§ 11/21/80 Continental Yap Island B-727 73 0
9 2/17/81 Air Cal Santa Anna B-737 110 0
o 7/27/81 Aeronexico Chihuahua DC-9 66 30
11 3/17/82  Air France Sanaa A=300 124 0
12 8/26/82  Southwest Ishigaki B-737 138 0
13 9/13/82  Spantax Malaga DC-10 392 51
14 3/11/83  Avensa Barquisimeto DC-9 50 23
15 6/2/83 Air Canada Cincinnati pC-9 46 23
16 6/11/83 United Chicago B-727 142 0
17 7/2/83 Altair Milan Caravele 89 0
18 12/7/83  Aviaco Madrid DC-9 42 42
19 12/7/83 Iberia Madrid B-727 93 51
20 12/18/83 Malaysian Kuala Lumpur A-300 247 0
21 3/10/84  UTA Ndjamena DC-8 23 0
22 3/22/84  Pacific Western Calgary B-737 19 0
23 8/30/84  Air Cameroon Douala B-737 118 2
24 10/13/84 Cyprus Airways Zurich B-707 10 0
25 8/22/85  British Airtours Manchester B-737 137 S5
26 11/30/85 Mandala Medan L-188 45 0
27 11/28/87 South African Indian Ocean B-747 161 161
28 8/31/88 Delta Dallas B-727 108 14
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Tabie 2 lists the accidents discussed in this paper and the reason for their inclusion.

TABLE 2

Carrier and Type of Aircraft Reason For Inclusion

Saudia L-1011 Led to cargo rule changes.

Korean Airlines 747 No jet fuel involverment - post crash
materials fire.

Spantax DC-10 Evacuation problems an¢ rapid growing
materials fire.

Air Canada DC-9 Led to many cabin fire safety rule
changes.

Gulf Air 737 Incendiary - What do we protect against?

British Airtours 737 Research into passenger protective
breathing devices and cabin water mist
systenms.

South African Airlines 747 Proposed rule change class "B" cargo
compartment ("Combi").

Delta Airlines 727 First comercial aircraft, involved in a

survivable accident with postcrash fire,
equipped with fire blocked seats.

Table 3 lists the incidents discussed in this paper and the reason for their inclusion.

TABLE 3
Carrier and Type of Aircraft Reason for Inclusion
UTA 747 Problems of cargo seams, joints,
fasteners. Rapid material involvement.
ATA DC-10 Same as above, and solid oxygen system.
Jordanian Air L-1011 Titanium fires.
Monarch Airlines 757 Electrical (arc tracking) problems.

Safety improvements are judged by their expected benefit versus their cost. Since future
benefit is most often based on past accident experience, it is very important to have enough
information about past accidents as a basis for that judgement. In evaluating a safety improvement,

a wide range of accident scenarios must be studied, making sure that improvement in some scenarios is
not a detriment in others.

ACCIDENTS
1. Saudia L-1011, August 19, 1980.

In August of 1980, a Saudia L-1011 experienced an in-flight fire. A short time after takeoff
from Riyadh, a cargo fire warning light activated in the cockpit. After the crew experienced some
problens in determining the proper procedures, the aircraft returned to Riyadh. The voice recorder
indicated an uncontrolled fire in the rear of the aircraft prior to touchdown. The aircraft did not
stop on the runway, however, it ran the full length and turned onto the taxiway before stopping
(fxgures 1 and 2). The investigation concluded that “the probable cause of the accident was che
initiation of fire in the C-3 cargo compartment. The source of the ignition of the fire 1s
undetermined" (4).

In the years since the accident there has been much secord guessing as to the probable cause.
Some people believe that it could have been a hydraulic or electrical fire next to or behing the C-3
compartment. However, test work sighted in the accident report (4) and the results of tests in
references 5 and 6 are consistent with a cargo fire origin.
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Based on factual information and test data, a likely fire scenario is as follows: Shortly after
takeoff a fire developed in cargo in the C-3 compartment. The fire could have t2en started by a
cigarette left on a bag, matches igniting in a bag or other small ignition sources. A smoke detector
in the compartment activated, sending a warning to the cockpit. Smoke began drifting into the aft
cabin through the floor grills. Detectors in the compartment became oversaturate with smoke, causing
the alarm in the cockpit to go out. The flight engineer inspected the cabin and returned, stating
there was smoke in the aft. By then the pilot had turned the aircraft and was returning to Riyadh.

The fire in the cargo compartment had burned through the cargo liner and impinged on the cabin
floor, fanning out between the cargo compartment ceiling and the cabin floor. The heat melted the
pulleys for the number two throttle cable. Oxygen was consumed in the cargo compartment and the fire
subsided in the compartment. As the pulleys cooled, the plastic hardened and the number two engine
throttle stuck. Air was then drawn into the compartment through the hole as it cooled, until the
flames began again. This time the fire entered the cabin through the floor. Passengers in the aft
section were moved forward in the cabin. Flight attendants fought the fire with handheld
extinguishers. The fire cycled from flaming to smoldering a number of times.

As the plane began its final approach, the airflow to the cabin was turned off and the outflow
valves were closed. At that time, little or no smoke was observed in the forward cabin or on the
flight deck. The flight crew were convincing themselves that there was no big problem. Upon
landing, the crew took the aircraft to the end of the runway and onto the taxiway before stopping.
The flight crew did not use smoke masks in the cockpit. The flight crew reported to the tower that
they were beginning an evacuation. However, back in the cabin, as the plane touched down, the flames
had impinged on the seats above the C-3 cargo compartment and began to spread. Because the airflow
was shut off and the fuselage was closed up, the combustible gases collected at and above the
ceiling. Before the evacuation could begin, a flash fire occurred. Flames shot forward at and above
the ceiling, producing large amounts of gases and consuming most of the oxygen. All of the 301
passengers and crew were quickly incapacitated and were soon dead.

This accident led to rule changes in the area of cargo compartment fire protection (7). Tests

showed that had the seats been fire blocked, they could have stopped the spread of fire from the
cargo area to the cabin and prevented the flash fire.

2. Korean Airlines, November 19, 1980.

A Korean Airlines 747 landed short of the runway at Seoul, Korea, causing the main landing gear
to collapse into the cargo compartment aft of the gear. The aircraft slid approximately 7,000 feet
down the runway before stopping. A fire began in the ruptured cargo compartment from sparks igniting
the strut fluid and cargo in the compartment. As the aircraft came to a stop, the fire spread up
into the cabin through the air grills and through ruptured cargo liners and the cabin floor. Of the
208 passengers and 18 crew members, 15 (9 passengers and 6 crew members) did not survive (figure 3).

The important fact concerning this accident was that there was no jet fuel involvement in the
fire (the tanks remained intact). The major contribution to survivability was from the burning of
the interior materials. This accident changed the minds of many people who believed that the fuel
fire dominated the fire hazards in all aircraft accidents and that material improvements would not
substantially improve aircraft safety.

3. Spantax, September 13, 1982.

A Spantax DC-10 aborted a takeoff and overran the runway in Malaga, Spain, stopping in a field
just off the airport. The right wing was torn off the aircraft and a large fuel fire encompassed the
aft end of the fuselage (aft of the wings). The fire entered the cabin in the aft areas through
tears in the fuselage and burnthrough of the skin. There were 51 fatalities out of the 393
occupants.

This accident pointed out tie problems of evacuation. Evacuation was slowed by debris in the
aisles and some passengers failed to begin evacuation because of emotional trauma. The fire burned
into the cabin in a very rapid manner. This accident also pointed out the problem that the crash
fire rescue crews have in extinguishing a cabin fire. Photographs (figure 4) show that the fuselage
was almost fully intact when the first trucks arrived and extinguished the external fire; however,
the fire in the cabin almost totally consumed the fuselage before it was extinguished.

4. Air Canada, June 2, 1983.

An Air Canada DC-9 experienced an in-flight fire in the area of the left aft lavatory. The fire
produced heavy smoke in-flight and progressed very rapidly after the aircraft landed. Twenty-three
of the forty-six occupants were able to egress before a flash fire occurred (figure 5).

Investigation into this accident indicated that a fire started in the hidden area of the aft
lavatory (figure 6). The actual ignition source or fuel was not determined. It could have been
electrical in nature or it cjuld have been caused by a cigarette and trash behind the vanity area.
The fire spread rapidly to the aft seats after the aircraft landed (figure 7). Many of the
passengers attempted to use some form of protection against the smoke %wet towels, clothing, etc);
however, there seems to be no correlation between attempts at smoke protection and survivability.
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The Air Canada accident led to a number of regulatory changes in the United States.
Requirements for smoke detectors in lavatories, fixed fire extinguishers in trash containers, and at
least two Halon fire extinguishers onboard transport aircraft (8) were incorporated. Also, floor
proximity lighting (9) and seat fire blocking rules (10) were hastened in their adoption because of
this accident.

5. Gulf Air, September 1983.

A Gulf Air 737 experienced an in-flight fire probably caused by an incendiary device exploding
in the forward cargo compartment. The pressure from the explosion, although not rupturing the
pressure vessel, did dislodge cargo lines, thus destroying the integrity of the class "D"
compartment. The fire spread to the cabin and caused the aircraft to crash into the desert killing
all on board (figures 8 and 9).

Testing indicated that a detection and suppression system, that is, as required in a class "C"

cargo compartment design, could possibly contain (extinguish) some types of incendiary‘devices. This
testwork raises the question of to what level of fire threat an aircraft should be designed.

6. British Airtours, August 22, 1985.

A British Air Tours 737 experienced an engine fire during the takeoff roll at Manchester, United
Kingdonm, causing an aborted takeoff and a large fuel fire from a ruptured fuel tank. As the aircraft
came to a stop, the fire quickly spread into the cabin. Of the total of 13/ occupants, 55 succumbed
to the fire.

As a result of this accident, two major test programs were initiated. The first addressed
passenger protective breathing equipment (1,2). Although regulatory requirements do not seem
imainent for smoke hoods, specifications have been developed by the CAA. The second is an active
progran in water mist for interior cabin fire protection. A multi-national test program to determine
the possible benefits and disbenefits of an on board, cabin water mist system during various
scenarios is now underway.

7. South African Airlines, November 1987.

A South African Airlincs 747 “Combi" (passengers and cargo on the main deck) experienced an in-
flight fire while flying over the Indian Ocean. The plane crashed into the Indian Ocean and all on
board were killed. Although the investigation is still ongoing, initial reports indicate a fire
occurred in the class "B" main deck cargo compartment, grew out of control, and caused the
destruction of the aircraft.

As a result of this accident, the FAA has issued a Notice of Proposed Rulemaking (NPRM) that
would require fire safety improvements in class "B" compartments (11).

8. Delta Airlines, August 31, 1988.

A Delta Airlines 727 crashed on takeoff from the Dallas/Fort Worth Airport. The aircraft
suffered severe structural damage as it slid to a stop approximately 3,000 feet from the end of the
runway. The right wing was ripped from the fuselage, causing a large fuel spill; and the aft two
cargo doors opened and a large section of the fuselage above and forward of the main aft cargo door
vas torn away. A large circumferential break also occurred just aft of the cockpit. A large fuel
fire separated the aft section from the rest of the fuselage at the aft break. All but two of the
fatalities were trapped in the aft section. The doors in that area could not be opened from inside
because of the angle at which that portion of the fuselage was resting (figures 10 and 11). The
evacuation in the forward portion of the cabin was through breaks in the fuselage and the two left
over-wing exits. It was estimated that evacuation time from aircraft stop, until the last passenger
was out, was 4 minutes and 20 seconds. This was based on recorded crash/fire crews response time,
and that the last survivors exited the aircraft as the first truck began fire-fighting. There were
two passengers in the forward cabin that succumbed to the effects of the fire.

This accident is of extreme interest since it was the first survivable accident involving fire
since the implementation of the floor proximity and fire blocking rules. Initial indications from
passenger interviews were that no one utilized the floor lighting in the egress of the aircraft.
That could be expected since the accident occurred during daylight and large breaks in the fuselage
provided visible means out of the aircraft. From visible remains of the cabin materials and
passenger accounts of the evacuation, it could be concluded that fire blocking on the seats did
extend the survival tine in the forward portion of the cabin. Although an exact additional escape
time or added number of survivors that could be attributed to fire blocking cannot be determined, an
estimate utilizing past test data was made. The estimate of additional time is based on figure 12,
taken from reference 5, which shows curves of survival time versus fire threat for blocked and
unblocked seats. If we find the point on the blocked curve equating to 4 minutes 20 seconds, and
ther find the survival time on the unblocked curve for the same fire threat, the time equals 2
ninutes and 50 seconds. Therefore, using this method, an estimate of 1 minute and 30 seconds of
added survival time was provided in this accident due to the incorporation of fire blocking.
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To estipate the nuober of added survivors we can utilize the model froo reference 1. Knowing
that the last person exited at about 4 minutes 20 seconds, and because of the breakage in the
fuselage and trauma caused by impact, it was estimated that the full evacuation began 30 seconds
after stopping, with a few passengers near breaks evacuating in the 15 to 30 second range. Figure 13
shows the curves developed for this accident. The same figure also shows the curves developed under
the assuzption of no fire blocking (using an evacuation time of 2 minutes 50 seconds). In that case,
the total survivors would have been 57. Therefore, the calculated number of lives saved due to fire
blocking was 37.

INCIDENTS

In many cases, the difference between an accident and an incident is pure luck. The probability
of the next aircraft accident having similarities to a given past incident are the same as the
probability of similarities to a given past accident. It is therefore extremely important that all
incidents, considered aircraft or life-threatening, be investigated, analyzed, and understood. It
should be noted that because of the limited danage in some incidents, much more information
concerning the start and spread of a fire can be learned than in an accident. The following are
exanples of incidents that have led to research and/or safety improvements inm aircraft:

1. UTA - Paris, France.

A fire ignited in the lower area of the forward cargo compartment of a UTA 747 as maintenance
personnel were cleaning rollers and track in that compartment. The cleaners had some rags and
cleaning solvent in the compartment at the time. The maintenance personnel tried to fight the fire
and notified CFR. The fire spread rapidly around the cargo liners and up into the cabin. The oxygen
system was breached causing a localized, high intensity fire. By the time the fire was extinguished
by)the CFR, both the main deck and upper deck cabins had been gutted by fire (figures 14, 15, and
16).

Investigators found that the fire in the cargo compartment destroyed many seams, joints, and
fastening systems allowing liners to fall and provide paths of fire egress from the compartment
(figure 17). The fire also spread up around the bottom cargo liner seal on the thermal insulations'
outer covering. Flames entered into the cabin through the floor grills in the passenger cabin.

This incident was a major force in including seams, joints, and fasteners in the new testing

requirezents for class "C" and "D" compartments. The requirement for cargo lining material on the
lower sidewall of the cargo compartment was also an outgrowth of this incident.

2. ATA - Chicago, Illinois.

A fire ignited in the forward cargo compartment of a DC-10 as cleaners were servicing the cabin
area. The fire was started in a container by an activated solid oxygen generator (the generator had
accidentally been activated by a mechanic who a few minutes prior to the fire had entered the
compartment and cortainer in search of a replacement seat back) in contact with some bubble plastic
wrap. The fire spread quickly, with seams, joints, and fastening systems railing, causing cargo
liners to fall and the fire to gain access to the cabin area through the floor. By the time the CFR
personnel extinguished the fire it had destroyed the aircraft, burning through the fuselage along the
top (figures 18, 19, and 20).

Besides reemphasizing the same problems as seen in the UTA incident, concern was focused on
solid oxygen generators and their safety.

3. Jordanian Airlines - Singapore.

A Jordanian Airline L-1011 experienced an in-flight fire while at 24,000 feet approaching
Singapore Airport. The flight crew experienced electrical faults and an overheat warning in the
cheek-area adjacent to the C-3 cargo compartment. Shortly thereafter, a fire warning occurred for
the number two engine. Smoke began pouring into the aft cabin, and flames were seen entering the
cabin through a floor grill in the aft left side. A flight attendant reported firing a Halon
extinguisher at the flames and they disappeared. At about 14,000 feet, the aircraft experienced a
sudgtlzn depressurization. The smoke subsided in the cabin, and the aircraft landed with no further
problems.

Investigation revealed that a fire began with an arc from a power feeder cable to a titanium
bleed air duct. The titanium, ignited ¢nd fed by the 400 OF bleed air which exited the ruptured
duct, continued to burn. A 3-foot length of duct was consuned in the incident. The hot air and
molten titanjum (3200 OF) then ignited some epoxy/fiberglass ductwork in the area, and the gases
produced by the overheated resins caused the fire to spread around the aft pressure bulkhead and into
the overhead. Fire impingement on the aft pressure bulkhead melted and shorted wiring, causing the
number two engine fire warning, and then causing a rupture of the bulkhead and depressurization of
the cabin (figures 21 and 22). Since most of the burning was on the surfaces of materials and gases
produced, the sudden rush of air due to the hole in the bulkhead blew the fire out. Luck was with
this flight for, as shown in figure 23, the main fuel line running just under the cabin floor, was
almost penetrated by fire just forward of the aft pressure bulkhead. What if the fire had started at
a higher altitude, further from an airport, or the pressure bulkhead had not burned through?
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4. Monarch Airlines, United Kingdoa.

A Monarch Airlines 757 experienced an electrical failure in flight causing the loss of almost
all electrical power. An investigation revealed that in stamping wire numbers on some Kapton™
cabling, the insulation had been cracked. Moisture had caused a carbon buildup and a phenozenon
known as wet arc tracking had occurred. This incident focused attention on Kapton wire. A program
studying wet and dry arc tracking (12), as well as smoke and flammability of electrical wiring, is
now being conducted by the Federal Aviation Administration.

FINAL COMMENTS

It should be noted that although past accidents have been used to determine possible benefits
fron safety improvements, past individual accidents cannot be used to predict the future. Benefits
were derived by trying to deternine what would have happened in a past accident had various
improvements been installed. In order to roughly approximate future accidents, it is necessary to
generalize past accidents and look at trends. In doing so, there are two classes of fire accidents:
in-flight and postcrash.

In-flight Fires

The najor in-flight fires are hidden fires. The major emphasis must be icproved materials in
hidden areas (behind sidewalls, above ceilings, and in lavatories) and better fire protection systems
in cargo compartments and other hidden areas. Another area of concern should be the protection of
passengers and crew from smoke and gases generated by an in-flight fire. That protection could be in
the form of better smoke venting; protective breathing devices; or less flammable and less smokey
naterials.

Postcrash Fires

Analysis of past accidents shows that passengers must be given more protection from the spread
of the external fuel fire into and through the cabin. This may be done by minimizing the external
fuel fire (less flamable fuel, better CFR, etc.), by reducing burning in the cabin (improved
materials, fire suppression systems, or fuselage burnthrough protection), and by improving passenger
evacuation.
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Figure 6. Left, aft lavatory (area of fire origin), Air Canada DC-9.
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Figure 11. Aft left side of Delta 727.
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Figure 15. Cargo ceiling with fixtures, UTA 747,

Figure 16. Upper deck view of UTA 747,
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Figure 19. View of main cabin, ATA DC-10.

et — v

ve

s T s P

[



e e

I-15

Figure 20. Cargo and cargo liner damage, ATA DC

-10.

Figure 21. View of the check area adjacent to C-3 cargo campartment,
Jordanian Air L-1011.
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Figure 22. Arced power cable, Jordanian A
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Figure 23. Fire damaged fuel line, Jordanian Air L-1011.

DISCUSSION

I.H. SARAVANAMUTTOO (comment)

I am speaking as a passenger, and my remark is aimed at
the airline operator and not the manufacturers. You pointed
out the problem with carry-on baggage in the Spantax accident.
It 1s extremely 1mportant that operations staff are ruthless
in enforcing rules regarding carry and baggage, and this does
not require any technical development. In a similar vein, a
747 may carry upwards of 100 gallons duty free (and inflammable)
liquor, presenting both a fire hazard and a problem of dangerous
nissiles being thrown about. All this requires is that all duty
free liquor be purchased at the destination rather than the
ozigin. It is well known that many airports make large profits
from duty free sales, but it makes no difference whether they
sell to outgoing or incoming passengers.

R. RACKE

1.1 What was the cargo lining material used in the Sandia
L-1011 accident, august 1980.

1.2 How long did it take for the fire brigade to reach
the aircraft after the fire was reported in the ATA accident.

AUTHOR'S REPLY:
1.1 Nomex
1.2 5 minutes

E. PETINGA

As far as the passengers cabin is concerned, what is being
done in order to reduce lining materials from poisoning the
air with toxic gases and fumes and melting on the occupants.

AUTHOR'S REPLY:

The regulations governing those materials were recently
change. More fire resistent materials are now required, and
those requirements become even more stringent in 1990.

M. FAVAND

The different pictures showed that there are no enveloppes
of blankets left (blankets of thermal and acoustical isolation)
even 1{ there are still seats, windowframers, etc.
Do you agree that there is a problem of fire resistance of the
enveloppes of blankets.

AUTHOR'S REPLY: ’
The thermal acoustical isolation is not designed to

withstand a fire. However there may be a problem with some

covering materials for the isolation in spreading smaller in

flaght fares.

F. TAYLOR {comment)
About the number of doors, my studies show that loadfactor
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( 40% or 100% ) seems to have no effect on the propnrtion of
people who die. So maybe we do have enough doors or maybe we
need to know more of the psychology of cvacuation.

Not mentioned so far, but a finding in the AAIB report on the
Manchester accident, is that very slight winds can have a
dramatic effect on the fire. Amongst their recommendations 1s
one to fit external video cameras to give the crew a view of
the aircraft fire and smoke on a cockpit monitor.

1
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AIRCRAFT FIAES -~ A STUDY OF TRANSPORT ACCIDENTS FRCM 1975 TO THE PAESENT

A.F.TAYLOR

Cranfield Aviation Safety Centre
Collego of Aerongutics,

Cranfield Institute of Technology,
Cranfield, Bedford MK43 O0AL,
United Kingdom.

SUHMARY

A further study is being made, on a world-wide basis, of accident summsries and
reports together with recent papers on the various aspects of fire safety. The aim
is to compare the period since 1974 with the First twenty years cof survivable
accidents to turbine powered aircraft as presented to the 1975 AGARD Symposium in
Rome .

lhile the study is still far from complete it does scem that, although some lessons
have been learned and improvements have been made or are on the way, crashworthiness,
fire and survival remain areas of major concern.

IHTAODUCTION

This is mnot the paper I had intended to write since the above summary now reflects
the continuing incompletencss both of our data base and our analysis of it. For this
I apologise but it is hoped that this more gencral ‘overview' will be of at least
equal value to the more detailed analysis and comparison that had been envisaged.
Please note also that the use of the first person in the paper 15 deliberate since
this will now bc a personal view rather than a totolly dispassionate study.

My starting point was, and still is, my AGARD paper (reference 1) presented in Rome
in 1975. This was to the best of my knowledge one of the first attempts made to use
gtatistics to compare different groups of accidents. It was successful in so far
that the first 20 years of turbine powered aircraft operations had by then produced
just sufficient accidents for statistically significant differences to be detectable.
At the ¢time I Ffelt not a little apprehensive in pointing ocut that the 20 yecar
accident record confirmed what had been predicted from theory and experiment from the

very outset of turbine operations. 1 was of course referring to the usu ot the icos
dangerous, low volatility fuels, namely kerosine ratner than gasoljne or wide cut
fuels. Perhaps I also felt angry that lives had been lost in the time taken to

'prove' what was, to many, alrcady self evident and described in reference 2.
Further studies (references 3 and 4) and several excellent and comprehensive reports
followed, which together laid the foundations for the use of past accident data to
help in the evaluation of possible safety measures. Some of these will be discussed
in the next section.

Porhaps the major success of the 1975 AGARD conference and the resulting discussion,
however, has been the incrcased awareness of the importance of crashworthiness and
survivability, not least when fire occurs, to aircraft safety and as reflected in
aircraft accident investigation and the resulting reports. Without wishing to
belittle in any way the efforts of other authorities I nevertheless believe that the
AAIB report (reference 5) on the Manchester 8737 accident in August 1885 does
repregsent o milestone in the investigation and reporting of an aircraft accident
involving fire.

Hith thais in mind I should like to repeat an opening paragraph of a brief paper given
at tho foyal Aeronautical Society in 1986 (reference G):

'The main purpose of any statistical review must be to establish where our limited
'sofoty monoy'! is best spent. The traps we aro otherwise liable to fall into are (i)
overreaction following what may in fact be a one off, unlikely to be repeated
accident or (ii) under reonction as a result of treating an accident with many
similarities to previous uccidaents as if it were a one off'.

and also tho conclugions:

'The Honchester 8737 accident although apparently very severe was in fact Fairly
typical of a survivable, on the airport fire accident with no fuselage demage and no
fotalities due to impact trauma. Tho findings and recommendations of the Accidents
Investigation Branch will therefore be relevant not only to this one acclident but to
a large and important group of accidents. Thoy should therefore be followed up by
all concerned with even more than the ususl urgency.

\ihore appropriate rescarch should continue in areas that could make this type cof
accident less hezardous to the occupants.’
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This bringc us full circle with the original intention of the paper being to set out
8 complete Llist of relevant accidents to make tho task of assessing priorities that
much easier. In this I have fFailed due to circumstances not relevant to this
meeting, however 1 trust that the list that is appended in conjunction with others
presented or to be presented gt this meceting and those from the past few years will
prove useful. As always the original starting point for any list of accidents is the

CAA's invaluable World Airline Accident Summary, WAAS, (reference 7} which usually
makes plain which accidents need to be followed up regarding factors such as fire and
cause of death, However by itself the WAAS may sometimes, through no fault of its

compilers who rely on often inadequate information, be misleading. There have in
fact been several accidents where a reading of the WAAS alone would nct reveal the
existence of fire let alone deaths due to fire and some comparatively recent papers
have failed to capitalise on work already published which provided fFar more details
than the WAAS, for example refecrence 8, probably the most comprehensive study yet
completed and reference 8 which is mnore readily available. Others are referenced
later and no doubt other valuasble data will be presented at this symposium.

STATISTICS, COST BENLCFITS, NET SAFETY BENEFITS, ETC.

Wthen I first studied statistics, Horoney's ‘'Facts from Figures', reference 10, was
only three years old; it continues to be in demand after 38 years! Apart From
providing an excellent introducticn to statistics the author headed cach chapter with
an apposite quotation (individual references for these quotations will not be given)
and many of these have remained with me while much of the theory has been forgotten.
Some are well known, most are worth repeating as containing in them a large measure
of, if not always complete, truth.

For example, and perhaps as a reminder that we should always start with an open mind
Francis Bacon once said:

'If a man will begin with certainties he shall end in doubts; but if he will be
content to begin with doubts he shall end in certainties.’'

To remind us today that we must be very careful to include all relevant information
Lord 8rougham, 150 years ago, stated an equivalent ¢to the 'lies, dasned lies and
statistics' put down in that

fYou have only to take in what you please and leave out what you please; to select
your own conditions of time and place; to multiply and divide at discretion; and you
can pay the National Debt in half an hour. Calculation is nothing but cookery.'

Even if you bave been careful, in the truthful sense, both with your information and
with your use of it, A.N.Whitehead made the statement, even more true now in our
world of computers, that:

'There is no more common error than to assume that, because prolonged and accurate
mathematical calculations have been made, the application of the result to some fact
of nature is absolutely certain.!'

It is perfectly natural and requires no ulterior motive whatscever, to select for
gtudy just those accidents that one believes are relevant to the subject in hand.
Thus if one is concerned with saving lives there is clear justification and logic in
looking only at fatal accidents.With real care some useful conclusions may come out
of such a study but it may be recalled (reference 1) that a comparison of fatal but
survivable accidents alone could have lead one to deduce that the presence of fire
made little or no difference to the proportiocn of those on beoard who were killed,
about half, with or without fire. It was only when related non-fatal accidents were
considered alongside the fatal that the significance of fire becaome apparent, with no
fire only gome 8% of the occupants died but with a fire present in a group of
otherwise similar accidents this increased to 26% as a result of a larger proportion
of accidents becoming fFatal.

Similarly if ono is principally concerned with passenger safety there 18 much sense
in confining one's study to passenger carrying flights. In fact if our sample size
were large cnough there would probably be no argument against deing this. As it is
such a samnle is still mercifully small, often too small for any statistical
analysis. How while I believe it may be quite proper to exclude crew training
flights and other non-passenger flights from any study related to accldent causes,
that is to preventing accidents, I suggest that such an exclusion need not and should
not apply ¢to0 any study of crashworthiness or survivability since the original csuse
is largely irrelevant to such a study. I therefore suggest that crew training,
cargo, executive and other flights, both non-fatal and where one or more crew members
died or escaped only by the skin of their teeth, are highly relevant and should also
be considered. This is particularly so if one is involved in a 'what might have
happened if' study.

On the other hand if one is looking For disbenefits it is natural also to include
non-fatal accidents o as to consider whother some of the gurvivors in these might
have actually died had some proposed 'safety' device boen present. There is nothing
at all wrong with such an approach, indesed it is absolutely vital that the
disadvantages gre always considered alongside the advantages, I merely wish to
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could affect the results; hence my own attempts to reduce svlection to a minimum and
include as mony accidents as possible in any comparative study. For this study an
attempt has been made to include all potentially survivable accidents involving Fire
and/or spilled Fuel.

}
? expreoss my Fear that no seloction of accidents can be totally free of a bias that

A problem at present is that the results of many studics sre likely to be strongly
affected by a handful of 'major' accidents. Unfortunately few, if any, of these
appear to have been investigated with the thoroughness that tho AAIB applied after
the Manchester accident, and it is only with the benefit of gll the information now
available concerning this accident that one can venture to suggest 'what would have
happened if ...' with any confidence at all. Even in this csse there are surely no
certain answers, only probabilities albeit sometimes very strong.

At this point I should like to try to set out my position concerning cthe use of
accident dats for assessing safety measures. Having started in the early sixties by
» arguing that one could and should draw valuable conclusions from a handful of
accidents, backed by theory and experiment, and played down the counter argument that
all accidents were different and one couldn't possibly say 'what would have happened
if ...'" (and this was the principal argument of the pro-JP4/wide cut lobby) I moved

in the oeventies to a pro-statistical approach (it could cynicelly be suggested
) because this confirmed my ecarlier prejudices) and now in the late eighties find
. mysclf doubting the value of some safecty benefit analyses which should combine the
best of both worlds (again it might cynically be said because I don't always agree '
with the results).

In fact this change of approach has come about as a reflection of the increasing
amount of data that has gradually become available, my only concern is that this
should be used and be seen to be used with an open mind in a disinterested manner.
This is not easy and I venture to urge extreme caution to those concerned. The
aviation fuel issue may have been unique in providing sufficient data tec confirm a
considerable difference in post crash fire properties at a stetistically significant

level and at a time when there were no other competing solutions. I still feel
strongly that we should not again have to wait 20 years for such differences to be
'proved' by the accident receord. To this end I support the concept of net safety

benefit analyses providing the results are couched in terms that reflect their
unaveoidable lack of precision.

To say that in accident A safety measure Brand X would have saved say 20 lives may be
a reaschable view. However it is more likely that a more balanced consideration of
the circumstances would lead to the conclusion that taking a 'worst case' only 10
lives would be saved and taking a 'best case' 35 would have been saved. 1In accident
8 the circumstances might be different and better documented such that the spread
would be smaller, say bevween SO0 and 60. In another poorly documented accident C the
only valid conclusion might be anywhere between 0 and 100 lives saved. The relstive
danger of assigning any precise figure to accident € is obvious.

Consideration of safety measure Brand Y might give better or worse results with more
or less scatter and at a different cost. Such a comparison might be useful if one
could be sure thot onc was lookihg at a range of accidents likely to remain typical
and that the analyses had boon completely fair to each safety measure. But what if
there were 3 or 4 competing safety measures? 0Oc¢ you start from the previous 10 or 20
year baselinc or do you try to take into account changes recently or about to be
made? That is do you guesstimate the lives that might have been saved by Brand X,
which is just being introduced, before guesstimating how many more might be saved by
Brand Y or Brand Z7

.
I suggest that there is nothing wrong with making such an attempt but sight should
never be lost of the often poor quality of the initial data nor of the progressive
and further loss of quality, i.e.accuracy, every time one makes such a guesstimate,
much as one must beware of taking tco much notice of the small differonce between two .
very large quantities.

' This is of course not an academic question, for the first time within my experience
therc are indoed several safety measures being discussed that could improve cabin

safety. Wo therefore have to ask ourselves questions that may never have arigen
before, though the central one of 'where our limited safety money is best spent'
. remains. The first subsidiary question to this should perhgps be 'is it reasonable

to search for one Best Buy or should we hedge our bets?' Coupled with this is the

question 'do we scek perfection in one Brand or is our money more efFfectively spent

/ by developing several Brands, perhaps bearing in mind the law of diminishing returng,
to a slightly lower standard?'

So long as such a choice exists there also exists the possibility (in the long run
¢ the certainty) that an accident will occur ofter which it can be argued and maybe
proved that we made the wrong choice, thercfore we are lisble. Since this applies
whichever choice we make we can ignore this ospect altogether, gso long that is as a
s reasonablo omount of safety money is spent and that the docisioms we make are based ‘
on reascnablc and defensible premisss. :
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tty own view as ecxpressed at an Air Safcty Symposium in Brussels (roference 11) is
that there is no single sclution, ro Brand however per fect could possibly sove all
lives under all sccident conditions. At the same symposium the passenger in seat SE
(roference 12) expressed a similar view and provided a list of 11 topics deserving
attention but not all directly relevant to aircraft fires.

feference 11, written around the Nanchester B737 accident referred to s similar list
of topics all in some way to do with fire protection. t was suggested that these
should not compete for our attention, nor in particulaor fFor the attention of the
airworthiness authorities, rather they should all be considered and if possible
introduced at some reasonable, necessarily non-perfect; standard. The principal
topics discussed were tho provision of

(i) external comera(s) and cockpit monitor

{ii) a cabin woter mist system

(iii) less flommable fuels,ie JPS/AVCAT or AHK rather than JP8/JetA/AVTUR
(iv) improved cabin wall/ceiling materials

(v) passenger smokehoods

Others mentioned concerned: -

(vi) fuel tank and fuselage integrity following wundercarriage collapse etc.
(vii) greater protection of fuel/hydraulic lines passing through the fuselage.
(viii) compartmentation of the fuselage

(ix) onboard extinguishing system in equipment bays

(x) passenger smoking.

One should add to these improvements in:

(xi) access to cabin exits

(xii) safety instructions to passengers

(xiii) cabin staff training

{xiv) certification evacuation procedures

(xv) strength/stiffness requirements for all overhead panels, bins, etc (and

perhaps dynamic testing thercof)
The list casn be added to with ccnsideration of limiting
(xvi) carry on baggage and duty free goods
and so on.

I hope it can be agreed that while an order of priority might be useful, these should
not be in competition with one another and thare should for exasmple surely be no
question of adopting gither smokehoods or a cabin water mist system, nor of accepting
without question that we don't need either now we have fFire blocked seats. It would
bo equally wrong to state that we must have the whole list without full and proper
evaluation and discussion. llowever the AAIB in the Manchester B737 report (reference
5) does strongly support this broad based approach and in the 31 safety
recommendations does rafer specifically to about holf of these topics and give
congsiderable emphasis to (i), (ii), (v) and (xiv).

The use of past accldents that 1 see as most beneficial is therefore not only to
support or shad doubt on the neced for a particular safety festure but also, and more
importantly, to establish the conditions under which the various safety features are
most likely to have to work. Only with this information can they be designed
properly to give maximum bonefit to the passengers.

Congidering just a few of the topics listed I would like to look at some of the
questions that we should try to answer (and which I had originally hoped to answer in
this paper}.

External camera(s) snd cockpit monitor

Ttdo syotom is of great value in flight as well as on the ground so tho questiors are
more varied than with some other systems.

Do we need to view the whole of the aircraft or are some areas so trouble free that
wo can ignore them? Will a top of fin camera looking forward and on undernose camera
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looking backwards cover cnough with sufficicnt dezoil o be of volue? In other words
whot failures ectc ore wo hoping To show tho crew? 0o we neced to keep recording after
landing/engine shut down? If so wec need o much longer tape than the 30 minutes
currently in use in cockplit voice recorders, and even without this requirement should
we cover the whole flight, maybe well over 12 hours in some casceg?

Cabin water migst systems

fihat dogree of damaoge to the fuseloge should i« cxpect the systerm e telerste and
s8till provide protection? An answer to this may be found in refercnce 6 (taken from
referonce 13), <this was that up to 1978 roughly half the Fire deaths had cccurred in
accidents where <here was little or no damage to the fusclage (the Manchester B737
was of course like this), the rest prifcipally in those where there were cnc or two
breaks in the fuseclage. The recent accident to o B?37 a% Kegworth (reference 14)
perhaps typifies this kind of accident, the fuselage cnded up in three pieces cne of
which was upside down, and therc was 3 considcrable quontity of spilled fuel (but on
this occasion no fire). Of <the 126 on board 47 died and only S escaped serious
injury. H~d the fuel ignited it would have threatened all 3 picces of fusclage and
thoge :rapped and injured inside. The record necds to be examined to sec if this
represents a resalistic worst case, initially it is suggested that excellent repor:s
such as references 15 and 16 should be reexanined with this question in nind,
including whether systems sheuld work upside down!

It wac also noted at Kegworth that not only the overhcad bins but also most of the
ceiling panels had failed; that is they had fFallen, probably with sone considerable
force, onto the passengers. Hhile the design of any protection system nust tolerate
some degree of trim Ffailure the regular and frequent occurrence of overhesd bins
coming open or failing altogether, cven sometimes with o heavy landing, is surely no<
scceptable. Ye must consider the degree of improvement necessary.

The Civil Aviation Authority, CAA, in its discussion document, reference 17, poses
many other relevant questions regarding this system including reference to use in
flight. Aircraft clectrical sys<ems alrcady have to cope with spills, condensation
and pressure changes that can force water inte any nook or cranny, would a8 water mist
be much worse? 1 personally doubt it but tests are necded.

Passenger smokehoods

Although carly proposals following the HManchester B737 accident concentrated on use
when threatened by a8 ground fire discussion quickly moved on to use folleowing the
start of an in-flight fire within the cabin or underloor volume. Current proposals
and the CAA's specification relating to passenger gmokehoods call for protection
against both ground and inflight fires. However one should continually reassess the
comparative risks to ensure that the best compromise 1s  reached, Ffor exanple
concerning the duration of protection required.

One crucial question thot a detoiled study of past accidents might answer is:- In
what proportion of accidents has flash over actually occurred?

Flash over would seem unlikely to occur if, as with a Kegworth type accident, the
fuselage is broken open during the initial impact and is thus fully vented. It did
not occur 1in the initially intact Ffuselage of the 8737 at Manchester, probably
bocause of the rapid tail collapse and burn through of the roof near the point of
collapse which also alliowed smoke and hot gases to escape. Thus flash over might not
in practice be the threat sometimes assumed in the past. Refercnce S5 arguecs this
case convincingly.

The accident rcecord does help with this, see reference 8 For evidence compiled by an
aviation pathologist, but I believe that Ffurther experimental work with a rormal,
non-fire hardened fuselage, at for example Atlantic City, 158 neceded to provide
additional informatinn concerning conditions in a cabin with roof burn through or
intentional roof venting. This would of course be of relevance to many other
possible safety meagures as well.

Other quecstions relate to access and donning of sgmokehoods, the answers to which
might help us assess whether any delay caused by the action of getting a smokehood
out is likely to be of significance to the survival rate. $So how rapidly have fires
invaded the cabin?, how many people have evacuated before smoke has reached them, how
many hnve been brought to a virtual standstill by a blockage in front of them? HNote
that while a blockage might be aggravated by people reaching for smokehoods that they
in fact didn't nced the people ot tho back of the queue are the ones who may die
without a smokehood but who may survive almost indefinitely with a smokehood
providing flash over does not occur.

Again while the accident record may provide some answerg further evacuation testing
in reslistic conditions would also be invaluable.

In more severe accidents what proportion of the trapped and/or injured passengers
would have becn able to reach and don their smokehoods? This quoestion may well be
asked during the Kegworth investigation and some evidence Ffrom past accidonts may
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algo be available. It is likely that a considerable number of people in such an
accident involving post impact Ffire would, though trapped or incapacitated, be able
to don a smokehood which might keep them alive until the Fire service arrived. It is

also likely that some would be unconscious or otherwise incapable of doing anything
for themselves and for them a water mist system, if it still worked to at least some
extent, might be the only answer. Perhaps accidents of this nature make the casse
better than any other for a belt and braces approach.

THE PHILOSOPHY OF CRASHWORTHINESS

Justification for dealing with crashworthiness and survival rather than with
preventing accidents is not needed at a meeting such as this, however I should like
to include a fFew thoughts on the subject.

Crashworthiness, in one sense, is still a second line of defence but because of the
diverse nature of causal factors it should be and usually is now treated as being of
equal importance to conventional airworthiness, i.e. as a Ffirst line of defence.
Certainly accident investigators are now heeding the ICAD Manual's instruction
(reference 18) to give equal weight to crashworthiness and survival as opposed to
cause.

It may be argued that as the chances of having an accaident are small the level of
passenger protection required need not be of a particularly hign standard to still
give a valuable safety improvement. A result of this approach is that i1t can lead to
playing the numbers game. For 1in the current climate of safety assessment and
acceptable accident rates one could find the absurd situation where the provision of
say smokehoods to only half the passengers, or 16g seats for those in the rear cabin,
could be just enough theoretically to move a particular and crucial failure condition
from 'catastrophic', involving multiple deaths, down to 'hazardous', invelving the
death of a small number of occupants. Providing we do avoid the absurd there may
nevertheless be merit in such a combined approach if 1t prevents us from seeking an
unrealistically high level of protection.

An equivalent approach has 1 believe been used in protecting fuel tanks from engine
debris. It may be argued that dangerous engine .failures are rare but not rare enough
to ignore. At the same time total, guaranteed shieclding of all vulnerable parts is
wmpracticable but ensuring that high velocity debris is likely to penetrate the fuel
tanks (or other vital parts) only once in ten fFailures, or once in Fifty, might be
enough to meet the required and agreed standards.

A conclusion of this approach i1s that quite small improvements in cabin safety may
1ndeed be worthwhile, even cost effective, to the manufacturer as well as to the
passenger.

The submigsion that in the present remarkably safe climate of civil aviation the
spending of a larger proportion of our safety money on crashworthiness and
survivability is ccst effective stems From the fact that there may be hundreds of
different and ‘argely unrelated reasons why an aircraft ends up in a smoking heap in
the undershoot, on the runway, or in the overrun area. To prevent even a small
proportion of these would cost a great deasl: %o concentrate on the smoking heap
benefits ail of them.

Only a month before the Hanchester accident a HASA CV-980 rejected its take off at
Harch Air Force Base California {referecnce 19); debris punctured the fuel tank; the
spilled fFuel caught fire before the aircraft came to rest; the fire burned through
the fusclage skin; the rear fuselage collapsed onto the runway; the fire service
couldn't deal with the interior fire; etc.ctc. Very similar statements could be made
for accidente all round the world, only the initial causes have differed. With the
CV-990 it was wheel debris taat punctured the fuel tank and not an engine combustion
can as at Manchester; also, Lerhaps because there were only 18 on board, all escaped
without injury.

It i worth noting that this accident does not appear in the usual lists because it
was not a normal civil operation. This may partially detract from its relevance but
not entirely.

One of the key factors used in the ezrly and mid seventies to justaify more effort
being put into survival was the lack of any improvement in the survival rate in

survivable accidents (e.g. in reference 1). Since then, oespite an apparent
improvement between 1877 and 1982, the situntion does not appear to have changed.
Reforence 20 states that 'When the statistics Ffor sgsurvivable accidents and fatal

survivable accidents (90% of all accidents are surviveble by some or all of the crow)
aro examined, it can be observed that although there is greater variability (from
year to yeoar] the percentage of fatalities for the last few years was similar to the
percentage in the early sixties.’

It is of course hoped that the improvements that have boen introduced over tho past
few years will before long be reflected by improvements in the survival record and
that we have hot just been running hard in order to stand still. The record to dote
however suggests that we must keep on running hard!




ANALYSIS

The fFormat Ffirst presented in reference 4 and showing, for any chosen group of
accidents, the overall percentage killed and the percentages due to impact and to
fire has continued to be most useful and is used again here. The principal sadvantage
of the chosen tabular presentation of the data :8 “hat it allows many different cross
checks to be made, anitially for spotting errors and then for unexpected trends,
correlations {in o loose sense) and often to generate new ideas.

For this paper the Tables illustrate typical data output from the Cranfield program
but since the number of accidents in recent years where as yet we do not know the
breakdown of deaths due to impact and fire is large, I am limiting the figures to
some simple comparisons. These show the total fatality rate and the proportions due
to impact and to fire. In order to compare the rate duc to fire more readily this is
repeated slone in the fForm of those killed as a result of the fire as a proportion of
those who have survived the impact. In each case the number above each column is the
number of accidents im that group, adjusted where necessary to compensate for lack of
detailed information.

The means of adjustment is similar to that used in reference 4 from which I quote 'In
order to evaluate and present figures for the proportiors killed by impact or by fire
1t kas been necessary to make allowance for those sccidents where the cause of death
is not known, If for example there were 10 fatal and 10 non fatal accidents in a
particular group and the cause of death was known in 8 of the 10 fatal accidents then
it is considered acceptable to combine, in effect, 8 of the 10 non fatal accidents
with these to provide 16 relevant accidents in all, not 48. If the same technique is
used on all the numbers involved it 1s believed that the resulting 'adjusted totals'
may be used for statistical purpeses with a high degree of confidence.' A small
change has been made to this technique which I leave the interested reader to fathom
out.

Another useful factor that was incorporated into our tables around 1978 is the use of

two 'percentages' for each set of figures. When these are similar one reed look no
further, and I have in the past normally used the lower of the two which 1s obtained
directly from the 'sums'. The upper persentage is the average of the individual
percentages, 1f the two differ by more than say S or 8% then 1t 1s worth fainding out
vhy. The most likely reasons are that 1in a small sample one accident involving a
large number of people, whether fatalities or sursivors, may dominate the lower
percentage but not necessarily the upper. Conversely a single high fatality rate

accident involving only a handful of people may dominate the upper but not the lower.
For this report I bave continued to use the lower value as being the more
straightforward but this 1s under review.

A recent gaddition has been the presentation of the ‘'mean accident' under each
heading, for example for Jet aarcraft with more than 60 seats and an overall load
factor greater than 20% the 'mean fatal accident'’ inveolving no impact deaths was ss
follows:

44 killed from 132 aboard in an aircraft capable of carrying 197 people
including crew.

This, one can see at a glance, is in no way unusual or unlikely.

Figure 1 considers the complete list of accidents over the period 1955 to 1388 from
which 1t can be seen that there has been no consistent improvement in the survival
record, A Five  :ar moving average has been used in an attempt to smooth out the
effects of particularly good and bad years, however it can be seen that the goed
period around 1882 and the bad period asround 1985 still stand out. To see what is
happening since 1985 a further period of only just over three years has been included
which encouragingly suggests a return to 'mormal' for total Fatalities and, on
evidence from only a small proportion of the fatal accidents, & continued and welcome
reduction 1n  the proportion cf deaths due to fire. In fact due to the large number
of 'unknowns' <the relative importance of impact and fire csnnot yst be reliably
asgsessed for any period after that centreo on 1981, though the similarities for
different groups discussed below suggest that the accidents for which figures are
available are reasonably representative of the whole.

A cruder but probably better comparison is shown in Figure 2. This compares all the
listed accidents for the two periods 1955 to 1975 and 1976 to 1989 (obviously
incomplete!). The number of accidents in esach period is virtually the same and so 1s
the break down between impact and fire.

In reference 4 a significant difference was noted between jets and turboprops with
raspect to the proportion killed by impact. The higher proportion for turboprops has
continued as can be seen in Figure 2, the proportion killed by fire remaining
unchanged.

Earlier in the paper it was argued that when looking at survival aspects one need not
eliminate crew training and cargo flights from a study primarily looking at passenger
sofety. The principal reason for keeping them in is perhaps that if a bigh
proportion of the crew die or suffer severe injury it is often Fairly certain that
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had there been passengers then they too would have suffered and hence there should be
a groat deal to be learned from these accidents of relevance to passenger safoty.

To see whether limiting the jet sample to passenger carrying flights and excluding
small jots made any significant differcnce to the proportions killed, fFigure 3 was
plotted. The comparison of all jets with those with more than 60 seats and with
these restricted further to an overall load factor of over 20% shows remarkably
little variation. Alse, since turboprops, particularly the larger ones, have
increasingly been used for cargo flights these have been looked at with a load factor
of over 20%. Although not shown on the figure the average overall seating capacity
of the turboprop aircraft involved fell, both with the more recent time period and
with the limitation to only passenger flights, however the proportions killed remain
remarkably similar.

Figurc 4 looks at the widebody jets, defined here by baving a seating capacity of
over 300. In the pre 1976 period there were only two relevant fatal accidents
(lairobi B747 and Everglades Tristar) and in the latter period there have becen some
particularly bad ones {(the Tenerife B747 collision and the marginally survivable JAL
B747) thus the two periods are markedly different with a relaotively small sample in
each. However the combination of the two periods puts the widebody record almost
exactly the same as the overall jet record! Restricting the accidents to these with
a load factor of over 20% merely climinates four non Ffatal acclidents and only
slightly changes the proportions.

For jets with fewer than 20 seats, the overall picture is very like the other,
larger, jets. This again is perhaps rather surprising.

COHTLUSIONS

The accompanying 1ist of accidents involving fire and/or spilled fuel represents
Cranfiecld's first step towards bringing the survival record up to date and no doubt
some interesting differences will emerge when analysis has been completed. However
there is no doubt that many accidents have occurred during the last 10 to 15 years
that are replicas of those occurring during the Ffirst 20 to 25 years of turbine
operations and these have been studied and reported on in considerable detail by a
number of authors.

It is wunlikely that recent and future trends will differ greatly from the past and
there is no guarantee that any new trend will continue wunless there is a clearly
defined underlining cause. e should therefore make <the best possible use of the
data and analyses already avaiiable to wus and thus ensurc that by putting the more
detailed or single subject contributions made at this symposium into the context of
real accidents we get maximum benefit from them.
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